The Association Between Swimming Pool
Operator Certification and Reduced Pool
Chemistry Violations — Nebraska, 2005-2006

Bryan F. Buss, DVM, MPH, DACVPM

Nebraska Department of Health and Human Services
CDC, OWCD, CDD, EIS Field Assignments Branch

P

Nebraska Department of Health
and Human Service

Copyright 2007, Bryan F. Buss, bryan.buss@hhss.ne.gov



Swimming in United States

Most popular children’s recreational activity

Second most popular — all ages

360 million recreational-water venue
visits per year

Growing numbers of reported —
outbreaks of illness associated mixture

may be

with recreational water exposure problem
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Swimming Pool-Associated lliness —
Nebraska, December 2006

Preventable outbreak in indoor,

motel swimming pool

Inadequate management __n'n_v?rm—_
— Uncertified operator e e - I,
— No verifiable training

Chloramine toxicity
— Ocular and respiratory illness
— 24 persons, child in PICU

Pool inspected and closed
Abnormal water chemistry

http://www.cdc.gov/mmwr/preview/mmwrhtml/mm5636a1.htm
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Acceptable Swimming Pool
Chemistry

Nebraska
Acceptable
Range

Free chlorine 2-10 ppm

pH 7.2-7.8

Combined chlorine <0.5 ppm
(Chloramine)
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Chemistry Violations — Outbreak-
Associated Pool, Nebraska 2006

Nebraska
Acceptable
Range

Dec. 26, 2006
Reported Value

Free chlorine 2-10 ppm

pH 7.2-7.8

Combined chlorine <0.5 ppm
(Chloramine)

0.8 ppm

3.95

4.2 ppm
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National Pool Inspection Data —
CDC, 2003

¢ 22,131 inspections — May-September, 2002
— 11,973 (54%) 21 violation
— 8% immediate pool closure

o 21,561 total violations

— 39% water-chemistry violations

 Pool type
— 18% child wading
— 14% medical/therapy
— 14% hotel/motel

oto sources: pomperaughealthdistrict.org (top); www.clark.wa.gov (bottom)
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Public Pool Operator Training

» 20 states require verifiable training
for public pool operators (2006)

 Nationwide, operators responsible for proper
maintenance and operation of public pools —
minimal public health oversight

 In Nebraska, only 1 annual inspection per
pool required —

Photo source: CDC Public Health Image Library
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Objective

 Evaluate association between pool
operator certification and chemistry
violations In Nebraska pools
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Data Source

 Nebraska 2005-2006 statewide
pool-inspection reports

 Routine inspection reports with values
for both free chlorine and pH

o Start-up, follow-up, and complaint
inspections excluded
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Nebraska Public Swimming Pool
Classes and Regulations

e Class A

— Municipal pools

— Trained, certified operators required onsite
at all times when open

e Class B

— Motel, hotel, apartment complexes, others

— Douglas County (Omaha metro area) and City
of Lincoln require trained/certified operators

— Certification not required in all other Nebraska
counties (n=91)
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Analysis of Free Chlorine Violations

« Compared free chlorine violations
(<2 ppm or >10 ppm)
in Class B versus Class A pools
— Counties without Class B operator certification
requirements
 Evaluated state-wide Class B inspections

— Compared free chlorine violations from certified
operator pools (Douglas County and Lincoln) with
those from pools without operator certification
requirements (all other counties)
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Control of Source Water pH Variations

 Prevalence of pH violations affected by pH
and alkalinity of pool source water

 Limited analyses to inspections from
selected cities in Sarpy County
and all of Douglas County
— Shared metropolitan utilities district
— Common surface-water source
— Sarpy County

« Class B operator certification
not required

* Location of outbreak pool
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Analysis of pH Violations

 Evaluated pH violations (pH < 7.2 or pH > 7.8)
and concurrent pH and free chlorine
violations
Compared Class B pool inspections in
Douglas County with those in selected Sarpy
County locations
Compared Class B inspections with Class A
inspections within selected Sarpy County
locations only
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Number of Pools and Routine
Inspections — Nebraska, 2005-2006

Class B Number of Pools | Number of Routine

Operator by Class Inspections by
Certification Class
Requirement

A B All A B All
Yes 99 367 426 | 133 876 1,009

No 221 247 468 | 460 541 1,001

280 614 894 | 593 1,417 2,010
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Number of Pools and Routine
Inspections

Class B
Operator
Certification
Requirement

Number of Pools
by Class

Number of Routine
Inspections by
Class

A = All

A = All

Yes

\ [

99 367 426

221 247 468

133 876 1,009

460 541 1,001

280 614 » 593 1,417 2,010
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Number of Pools and Routine
Inspections

Class B
Operator
Certification

Number of Pools
by Class

Number of Routine
Inspections by
Class

Requirement

A =

A = All

Yes

\ [

Total

59

133 876 1,009

460 541 1,001

93 1,417 2,010

214 had 1 inspection; 680 >1 inspection

median: 2; range: 1-7
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Free Chlorine Violations — Counties without
Class B Operator Certification Requirements

Free chlorine violation

Yes \[o

167

60
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Free Chlorine Violations — Counties without
Class B Operator Certification Requirements

Prevalence Ratio = 2.4 (95% CI, 1.8-3.1)

Free chlorine violation

Yes \[o

167

60
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Free Chlorine Violations —
Class B Pools, All Counties

Certified Free chlorine violation
operator

required Yes No

No 167 374 941

138 738 876

305 1,112 1,417
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Free Chlorine Violations —
Class B Pools, All Counties

Prevalence Ratio = 2.0 (95% CI, 1.6-2.4)

Certified Free chlorine violation
operator

required Yes No

No 167 374 941

138 738 876

305 1,112 1,417
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pH Violations — Class B Pools, Douglas
County and Selected Sarpy County Locations

pH Violation

Yes \[o

Sarpy

County 34 92

Douglas
County
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pH Violations — Class B Pools, Douglas
County and Selected Sarpy County Locations

Prevalence Ratio = 1.5 (95% CI, 1.05-2.04)

pH Violation

Yes \[o

Sarpy

County 34 92

Douglas
County
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Chlorine and pH Violations — Class B, Douglas
County and Selected Sarpy County Locations

Both violations

Yes \[o

Sarpy

County 16

Douglas

County 36

52
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Chlorine and pH Violations — Class B, Douglas
County and Selected Sarpy County Locations

Prevalence Ratio = 2.1 (95% CI, 1.2-3.6)

Both violations

Yes \[o

Sarpy

County 16

Douglas

County 36

52
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pH Violations — Selected Sarpy County
Locations

pH Violation

\[o

92

29
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pH Violations — Selected Sarpy County
Locations

Prevalence Ratio = 4.2 (95% CI, 1.1-16.5)

pH Violation

\[o

92

29
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Concurrent Chlorine and pH Violations —
Selected Sarpy County Locations

Both violations

Yes \[o

16
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Concurrent Chlorine and pH Violations —
Selected Sarpy County Locations

Prevalence Ratio = 4.0 (95% CI, 0.5-28.6)

Both violations

Yes \[o

16
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Multivariable Analysis

 Logistic regression demonstrated
that crude prevalence ratios (PR)
did not change substantially
after accounting for frequency
of inspection

e Data not shown

Photo sources: www.istockphoto.com (left); www.rsvpresearch.com (center);
www.theoreminc.net (right)
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Discussion

Mandatory operator training holds
potential to

— Improve public swimming pool operation
and water quality

— Enhance swimming safety

 Routine analysis of pool inspection data
— Useful tool for public health decision making
— Might hold potential for evaluating interventions
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Limitations

* Operator training not directly assessed
 Multiple inspectors from 8 agencies
* Did not account for

— Pools with non-public water sources
or same operators

— Operator experience
— Type of chlorination system

— Pool type (indoor versus outdoor),
age, and size
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Conclusions

« Water chemistry violations are more
common in Class B pools in Nebraska

counties that do not require certified
operators

Trained pool operators play critical role to

enhance prevention of recreational water
iliness (RWI)
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Recommendations

« Swimming pool industry should encourage
training for all public pool operators

 Public pool operators and staff should
pursue training and maintain proficiency

 Nebraska and other states or jurisdictions
should consider requiring operator certification
for all public swimming pools
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Calculation of Prevalence Ratio
as Measure of Association

Prevalence in exposed _ A/A+B

P I Ratio = =
revalence Ratio Prevalence in unexposed C/C+D

Outcome

Exposed

Not
exposed
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Prevalence Ratio (PR)

PR indicates direction and strength
of association

PR > 1 — positive, might be causal
PR =1 — no association

PR <1 — negative,
might be protective
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Multivariable Analysis

 Pools not inspected with equal frequency

* Logistic regression used to determine if
frequency of inspection changed crude
prevalence ratios (PR)

o sources: www1.istockphoto.com (left); www.rsvpresearch.com (center); www.theoremin c.net (right)

Copyright 2007, Bryan F. Buss, bryan.buss@hhss.ne.gov



Evaluation of pH Violations

e Calculated pH violation frequency for
Class B pools state-wide and by county
— Class B pH violations were not evenly
distributed between locations that require
operator certification
« Compared inspections from Douglas
County and Lincoln pools

— Assessed association between pH violations
and pool source water pH
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pH Violations Among Statewide Class B
Pool Inspections (n=1,417)

Total pH Douglas and Sarpy Other 91
Violations Counties Counties

N (%) N (%) N (%)

210 (15) 153 (73) 57 (27)
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2005-2006 Water Quality Reports

Douglas and Sarpy
Counties

(Surface Water)
pH 8.8-9.0

Alkalinity
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2005-2006 Water Quality Reports

Douglas and Sarpy
Counties

(Surface Water)
pH 8.8-9.0

Alkalinity 83—140 ppm
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2005-2006 Water Quality Reports

Douglas and Sarpy |City of Lincoln

Counties (Groundwater)
(Surface Water)

pH 8.8-9.0

Alkalinity 83—140 ppm
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2005-2006 Water Quality Reports

Douglas and Sarpy
Counties

(Surface Water)

City of Lincoln
(Groundwater)

pH

Alkalinity

8.8-9.0

83—-140 ppm
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pH Violations in Douglas County and City
of Lincoln Class B Pool Inspections

Douglas County
(n=580)
N (%)

City of Lincoln
(n=226)
N (%)

DYACK)

8 (7)
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pH Violations in Douglas County and City
of Lincoln Class B Pool Inspections

Total Douglas County City of Lincoln
(n=876) (n=580) (n=226)
N (%) N (%) N (%)

115 (13) 8 (7)
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pH Violations in Douglas County and City
of Lincoln Class B Pool Inspections

Total Douglas County City of Lincoln
(n=876) (n=580) (n=226)
N (%) N (%) N (%)

115 (13) 107 (93)
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pH Violations in Douglas County and City
of Lincoln Class B Pool Inspections

Total Douglas County* City of Lincoln
(n=876) (n=580) (n=226)
N (%) N (%) N (%)

115 (13) YACK) 8 (7)

*Majority of pH violations in Douglas County were
low (<7.2), indicating over-correction by operators
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Discussion

 pH and alkalinity of source water entering pools
affects operator’s ability to manage pH

 Surface water — { pH, t alkalinity
— Challenge when pool operators attempt
to lower and maintain pH
 Groundwater — t{ alkalinity, pH ~ 7.6
— High alkalinity helps stabilize pH
— No or only slight pH adjustment required

Copyright 2007, Bryan F. Buss, bryan.buss@hhss.ne.gov



